Arsenosugars are arsenic-containing ribosides that play a substantial role in arsenic 66 biogeochemical cycles. Arsenosugars were identified more than thirty years ago, and 67 yet their mechanism of biosynthesis remains unknown. In this study we report 68 identification of the arsS gene from the cyanobacterium Synechocystis sp. PCC 6803 69 and show that it is involved in arsenosugar biosynthesis. In the Synechocystis sp. PCC 70 6803 ars operon, arsS is adjacent to the arsM gene that encodes an As(III) S-71 adenosylmethionine (SAM) methyltransferase. The gene product, ArsS, contains a 72 characteristic CX 3 CX 2 C motif which is typical for the radical SAM superfamily. The 73 function of ArsS was identified from a combination of arsS disruption in Synechocystis 74 sp. PCC 6803 and heterologous expression of arsM and arsS in Escherichia coli. Both 75 genes are necessary, indicating a multi-step pathway of arsenosugar biosynthesis. In 76 addition, we demonstrate that ArsS orthologs from three other freshwater cyanobacteria 77 and one picocyanobacterium are involved in arsenosugar biosynthesis in those 78 microbes. This study represents the identification of the first two steps in the pathway 79 of arsenosugar biosynthesis. Our discovery expands the catalytic repertoire of the 80 diverse radical SAM enzyme superfamily and provides a basis for studying the 81 biogeochemistry of complex organoarsenicals.
10 220 SLR0305 is related to the family of SNARE-associated Golgi membrane proteins, and 221 this gene is co-transcribed with the other two genes, but it is not clear if it has an arsenic-222 related function. Nostoc sp. PCC 7120, which also produces arsenosugars, 18 has a 223 putative arsMarsS operon. The Nostoc operon lacks a gene corresponding to SLR0305, 224 indicating that the latter does not have an arsenic-related function. We hypothesize from 225 the linkage of the arsM and arsS genes in more than one arsenosugar producers that 226 these two genes have related functions encoding a biosynthetic pathway for arsenosugar 227 biosynthesis ( Figure 1 ). We previously demonstrated that a strain in which SsarsM was 228 disrupted cannot synthesize arsenosugars, supporting our hypothesis that DMAs 229 production by ArsM is the first step in arsenosugar synthesis. 11
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We hypothesize that ArsS catalyzes the second step in arsenosugar biosynthesis by 231 transfer of a deoxyadenosyl group from SAM to DMAs. This could be the first 232 committed step in the biosynthetic pathway because the product of ArsM, DMAs can 233 have other biosynthetic fates. ArsS is a member of the radical SAM superfamily.
234
Radical SAM enzymes are characterized by a CX 3 CX 2 C motif that provides co- 
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